The aim of this study was to investigate the benefit of nephron sparing surgery (NSS) compared with extirpative nephrectomy in different tumor stages of renal cell carcinoma.
Background
In recent years, the diagnosis of early stage renal cell carcinoma (RCC) has increased largely due to the wide utilization of imaging examinations including CT, ultrasonography, and MRI [1] . For many years, extirpative nephrectomy was the standard treatment for RCC. However, with increased awareness of the risk for chronic kidney disease after extirpative nephrectomy, there has been increased support for treatments that preserve renal function [2] . Partial nephrectomy has gradually replaced extirpative nephrectomy over the past decade, especially for T1 stage RCC. In addition, nephron sparing surgery (NSS) has been recommended for T1 stage RCC in several guidelines [3, 4] , although this recommendation is based on retrospective studies and database analysis. While there is no doubt that NSS has a surgical advantage for small RCC as a minimally invasive surgery, the benefit of NSS on oncologic outcomes is still controversial. It remains unclear whether NSS has superior or equivalent survival outcomes to extirpative nephrectomy for localized RCC. In this study, we aimed to investigate the benefit of NSS compared to extirpative nephrectomy in different RCC stages using a relatively current study population.
Material and Methods

Data source and patient population
We used the Surveillance, Epidemiology and End Results (SEER) database to identify RCC patients as the study population. Maintained by the National Cancer Institute, the SEER program covers nearly 26% of the US population [5] and has relatively complete survival data. Based on the AJCC (American Joint Committee on Cancer) 6 th edition TNM stage classification, we selected a relatively current study population: patients diagnosed between 2004 and 2013 (AJCC 6 th edition stage system has been recorded since 2004). Only patients with RCC indicated as the first tumor were included. The inclusion and exclusion criteria are presented in Figure 1 . Inclusion criteria included: 1) cancer primary site limited to the kidney (International Classification of Diseases for Oncology, Third Edition (ICD-O-3) code C64.9, and site record B ICD-O-3, kidney); 2) tumor stage limited to T1a, T1b, and T2 by AJCC Stage, 6 th Edition and no lymph node or metastasis (T1a, T1b, 2N0M0); 3) cancer diagnosis years limited to 2004-2013; 4) age at diagnosis 18 years or older. Exclusion criteria included: 1) not the first tumor; 2) patients with bilateral RCC; 3) surgery cannot be classified by index surgery type (NSS or extirpative nephrectomy). We ultimately identified 55,947 cases for analysis. Because no patient identifying information was used in this study, it was considered exempt from the requirement for ethical approval by the Institutional Review Board.
Covariates and outcomes
Demographic characteristics included age, gender, race, and marital status. Marital status was recorded as never married, ever married, and married. Cancer-related covariates included histology type, T stage, tumor size, grade, laterality, multi-incident cancer during the life (sequence number), and two treatment-related variables: surgery type and regional lymph node dissection. Histology was categorized as clear cell RCC (ccRCC), chromophobe type, papillary adenocarcinoma, RCC (unspecified), and other types. Regional lymph node dissection was recoded as yes or no lymph node removed, regardless of the number of lymph nodes removed. Our index variable of surgery type was re-assembled as NSS and extirpative nephrectomy. NSS included local tumor destruction or excision, and partial nephrectomy (surgery of primary site code 10-15, 20-27, 30) . Extirpative nephrectomy included any entire kidney resection surgery with or without other procedures (surgery of primary site code 40, 50). Follow-up and vital statistics were identified in the SEER database. The latest follow-up cutoff date was December 31, 2013. The endpoint included overall mortality and cancer-specific mortality.
Statistical analysis
Baseline characteristics between surgery types were compared using t-test for continuous variables and chi-square test for factor variables. Survival differences between two surgery types were compared using Kaplan-Meier estimation and log-rank test. Univariable and multivariable Cox proportional hazard regression were performed to identify the prognostic factors. We also used propensity score analysis (including propensity score adjustment and weighting) to confirm the risks. Additionally, a competing-risk model was used to analysis cause-specific mortality risk [6] as supplemental data. Table 2 shows the overall survival and cancer-specific survival outcomes of the entire cohort by using univariable and multivariable analysis. Both univariable and multivariable results showed that NSS was significantly associated with a lower risk of overall mortality and cancer-specific mortality (hazard ratio (HR) 0.717, 0.668-0.769 and HR 0.604, 0.525-0.694, both p<0.01). Additionally, in multivariable analysis, age, gender, race, histology, T stage, grade, sequence number, and marital status were significantly associated with overall mortality. Age, gender, histology, T stage, grade, and marital status were associated with cancer-specific mortality. Corresponding predictive ability (C-index) was 0.7163 and 0.7756, respectively.
Results
Patient characteristics
Survival outcomes
We further analyzed the impact of surgery type on survival outcomes in different T stage stratification including T1a, T1b, and T2 stage. The Kaplan-Meier curve and log-rank test for overall survival and cancer-specific survival in different subgroup are shown in Figure 2 . . Propensity score analysis, including propensity score adjustment and standardized mortality ratio weight, were used as the alternative analysis. The results were consistent with conventional multivariable analysis (Table 3) . Additionally, we changed the survival analysis model by using a competing-risk model and the results were not altered (Table 4 ). This result showed the stability of our outcomes.
Discussion
In this study, our results showed the benefit in oncology outcomes for NSS were only significant in the T1a stage subgroup but not in the T1b stage or T2 stage subgroups. These findings were consistent with previous study reports. In T1b stage RCC, no difference between partial nephrectomy and radical nephrectomy with regards to cancer-specific or other cause-specific mortality was founded [7] . Moreover, Kopp et al. [8] concluded there was no significant survival difference between partial nephrectomy and radical nephrectomy in clinical T2 stage RCC. However, there is still considerable controversial regarding the benefit of partial nephrectomy compared to radical nephrectomy in localized RCC patients. Almost all the studies in favor of partial nephrectomy were based on observational cohorts with possible selection bias. Other studies have not found a difference between partial nephrectomy and radical nephrectomy in different populations. A meta-analysis by Kim et al. concluded there was a benefit for partial nephrectomy in treatment of localized renal tumors [9] .
There were some limitations to the SEER database as used in our study. Some baseline confounders were not included in our analysis due to their absence in the database; such as diabetes mellitus [10, 11] , American Society of Anesthesiology (ASA) classification status for RCC [12] , Charlson Comorbidity Index (CCI) [13] , basic performance status [14] was the tumor location in the kidney, which could also affect the selection of partial nephrectomy or radical nephrectomy; and which has been reported to be highly correlated with tumor recurrence [15] . Tumor location also plays a key role in the RENAL nephrometry score system, which has been shown to be a strong prognostic predictor [8] . Similarly, preoperative GFR has been demonstrated to significantly affect renal function decrease [16] ; and it has been reported that the benefit of partial nephrectomy only exists in patients with good preoperative eGFR [17] . Tan [18] reviewed various experimental or observational studies and found that there was a large potential bias with regards to surgery selection; and that one intrinsic property of observational studies was that high-risk patients were prone to receive radical nephrectomy. Shuch et al. [19] concluded that the SEER-Medicare dataset was biased involving unmeasured confounders based on the use of two matched control groups. Observed confounders could be adjusted by using various statistical models like conventional multi-regression and propensity score analysis (adjustment, weighting, or matching). Similar to outcomes to our study, Tan et al. [20] found that by using instrument variable analysis, partial nephrectomy was associated with a survival benefit for T1a stage patients. Instrument variable analysis can somewhat control the unobserved confounders and generate pseudo-randomization. The key point of instrument variable analysis is to find a proper instrument variable that must significantly affect the treatment selection and simultaneously should not be associated Table 4 . Multivariable regression of cancer specific mortality (competing risk model) stratified by T stage.
* Adjusted for age, gender, race, histology, tumor size, grade, laterality, RLN removed, sequence number and marital status. PS -propensity score; SMRW -standardized mortality ratio weight; NSS -nephron sparing surgery. Cancer specific mortality was calculated using Fine and Gray model.
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with the health outcome or with other measured or unmeasured confounders. This results in a relatively unbiased estimation close to randomized controlled trial outcomes [21] . Well-performed randomized controlled trials could sufficiently reduce bias. To date, there has been only one randomized trial comparing the oncologic outcome of NSS and radical nephrectomy [22] . This trial had many defects and the trial was prematurely terminated before reaching adequate sample size. Despite decades long study period used in the trial, and numerous participating institutions, there was only an average of one patient per year per institution required for study inclusion. In addition, during the study period, a rapid development of surgical technique occurred, including the use of laparoscopic and robotic-assisted laparoscopic techniques; in addition, warm ischemia time, kidney cortex preservation and minimally invasive conceptions were introduced. These limitations make the trial results difficult to interrupt and translate into current practice.
Based on current literature, partial nephrectomy improves the overall survival of T1a stage tumors mainly by decreasing the reduction of renal function and subsequent cardiovascular events. Yiu et al. [23] demonstrated, by using a small cohort that radical nephrectomy increased the risk of new-onset chronic kidney disease but achieved equivalent overall survival in T1 stage patients. This increased risk was supported by various studies [16, [24] [25] [26] [27] [28] [29] . On the other hand, partial nephrectomy had a lower cardiovascular event risk compared to radical nephrectomy [30] . Huang et al. [31] demonstrated that partial nephrectomy could decrease subsequent cardiovascular-related deaths in older patients with 4 cm or smaller tumors; and it possibly contributed to the overall survival benefit.
Our results also showed a benefit in cancer-specific survival for NSS. This may seem counterintuitive as extirpative nephrectomy is thought to provide better oncologic control. Radical nephrectomy, as a standard treatment for resectable RCC, has been used for decades, as partial nephrectomy may possibly result in positive surgical margins or residual tumor that could adversely affect prognosis [15] . Thus, the benefit of partial nephrectomy goes against conventional logic, although other studies [9] have shown similar results to our study. In Tan's instrument variable analysis, partial nephrectomy had no significant cancer-specific mortality difference compared to radical nephrectomy (HR, 0.82; 95% CI, 0.19-3.49) [20] . However this result had limitations. For example, the study population was older patients, and as our results showed, age had a significant effect on the prognosis. Additionally, there were 257 cancer-specific death events in the Tan study (with only 37 cancer-specific events for the partial nephrectomy cohort), which possibly lacks statistical power to define significance. As a rule of thumb, to achieve sufficient multivariable regression analysis, the number of events should reach above 20-fold the number of covariates. Our study, using a more current population (2004-2013), had a relatively large number of death events including cancerspecific deaths. The number in each T stage strata exceeded 500, and was therefore more likely to result in statistical significant findings. Targeted therapy could also significantly affect RCC survival. It has been reported previously that overall survival has been significantly improved in the era of targeted therapy compared to the era of pre-targeted therapy [32] . Our study avoided this confounder by using a current population cohort mainly within the targeted therapy era. Nevertheless, current evidence cannot provide a firm conclusion regarding partial nephrectomy and decreasing cancer-specific mortality.
In summary, our results should be interpreted with caution, especially with regards to the benefit of NSS on cancer-specific mortality. Although to date no strong evidence has shown that NSS increases the risk of any cause mortality, the benefit of NSS is still controversial. We suggest that NSS should be considered as an alternative, when possible, for small renal mass RCC. The indications for performing NSS or extirpative nephrectomy need further study and discussion.
Conclusions
Compared with extirpative nephrectomy, nephron sparing surgery provided superior overall survival and cancer-specific survival for localized renal cell carcinoma only in T1a stage, not in T1b or T2 stage. Nephron sparing surgery should be recommended when the surgery is possible. Further prospective study is needed to confirm this result.
